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RESEARCH MEMORANDUM

SOME RECENT EXPERIMENTAL DATA ON THREE-DIMENSIONAL
OSCILLATING ATR FORCES

By Sumner A. Leadbetter and Sherman A. Clevenson
SUMMARY

The status of oscillating air forces is indicated. Forces, moments,
and their respective phase angles are shown for a 45° swept wing of
aspect ratio 2 and for two bodies of revolution, one a streamline body
and the other, an open tube. For comparison, derivatives based on avail-
able analyses were shown for these three configurations. Damping-moment
derivatives are given for a tank located over the end of a wing and indi-
cates the effect of the presence of a fin on the tank. In-phase and
damping-moment derivatives are presented for a wing-tank combination
with the fin location either inboard or outboard. It is indicated that
the inboard location increases the aerodynamic damping in the torsional
mode and an outboard position would tend to increase the divergent speed.

INTRODUCTION

The accuracy of predicting the limiting flutter speeds of aircraft
depends on how well the component forces which appear in a flutter anal-
ysis are known, that is, how well the aerodynamic, elastic, and inertia
forces are known. Regarding knowledge of the serodynamic forces of
flutter, theory has contributed much, but many uncertainties still exist.
It becomes necessary to rely on experiment to check the various theories
as well as to handle cases which are too compléx for theoretical analysis.
Considersble work on some of the analytical aspects of the oscillating
air-force problem is currently being done by Harry L. Runyan and Donald S.
Woolston of the Langley Aeronautical Laboratory. It is the purpose of
this paper to indicate the status of available experimental data on
oscillating air forces and to present some current results of experiments
in the Langley 2- by hk-foot flutter research tunnel on wings and bodies.
Some of the current experimental results are compared with the results of
analyses. The configurations discussed are swept wings, bodies at the end
of struts, and wings with tip tanks with and without fins.
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SYMBOLS

c chord of wing in stream direction, ft

k reduceé-freqpency parametef, %%

L length of body, £t

M Mach number

q dynamic pressure, 1b/sq ft

S plan-form area, sq ft

v wind velocity, ft/sec

a angular displacement, radians

¢L phase angle by which the 1ift vector leads the angular
displacement, deg

¢M phase angle by which the moment vector leads the angular
displacement, deg

w circular frequency of oscillation, radians/sec

c/2, L/2 subscrints referring to the midchord and midlength positions

RESULTS AND DISCUSSION

Status of Experimental Oscillating Alr Forces

Before presenting the three-dimensional oscillating air-force
derivatives for the aforementioned configurations, it is appropriate %o
illustrate briefly the stabus of experimental oscillating air forces,
indicating in what regions experimental data are available. Figure 1
shows the ranges in which data are available for five configurations.
The ordinstes of each figure is the conventional flutter parameter k
which is the oscillation frequency times a reference chord divided by
twice the velocity. The abscissa is Mach number. The black areas indi-
cate regions for which oscillating air-force data are available and may
be found in references 1 to 17, whereas the cross-hatched areas indicate
regions in which date have been obtained and are available in this
paper. Data are available for rectangular wings of low aspect ratio,
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swept wings, delta wings, wing tank over the end of a wing of aspect
ratio 2, and two bodies of revolution - one an open circular tube and
the other a streamline body, each at the end of a small round tapered
strut. All models were oscillated in pitch about an axis of rotation
as indicated. Some data are glso available for other rigid body modes
such as vertical translation and rolling motion and for some flexible
modes in limited areas of the black regions. The following discussion
and presentation of oscillating aerodynamic derivatives will concern
some recent representative experimental data on a 45° swept wing oscil-
lating about its root-midchord axis, two bodies of revolution -~ an open
tube and & streamlined body - at the ends of short struts, and a wing-
tip-tank combingtion with and without fins.

45° Swept Wing of Aspect Ratio 2

The oscillating air-force and moment derivatives for a L45C swept
wing of aspect ratio 2 are shown in the figure 2, The ordinates are ¢L,
and ¢M, the angles by which the 1lift and moment lead the angular posi-
tion, and the 1ift and moment derivatives, where q 1is the dynamic pres-
sure, S 1is the plan~form srea, o 1is angular displacement, and c/2 is
the half chord measured in the stream direction. The sketch in the upper
right-hand corner indicates. three dimensionally how a half-wing was
mounted on a plate and oscillates with the plate., A small gap separates
the plate from the tumnel wall, The solid symbols are for the moment
data and the open symbols are for 1lift data. For comparison, experi-
mental data obtained from integrated pressure distribution at the
Massachusetts Institute of Technology (ref. 8) are shown as squares.,

A1l moment data are referred to the 50-percent root-chord station. As

a matter of interest, theory for a two-dimensional 450 swept wing (ref. 2)
is included and shown as the solid and dashed curves - the solid curves
for the 1ift derivative and 1ift phase angle, the dashed curves for the
moment derivative and moment phase angle., It may be seen that the theory
for the 1lift and moment phase angles agree rather well with the experi-
mental data. However, theory for the 1lift derivative underestimates the
experimentally determined 1ift derivatives, and theory for the moment
derivatives overestimates the experimentally determined values. Thus, as
might be expected, two-dimensional theory is inadequate for predicting
the oscillatory 1ift and moment derivatives on a 45° swept wing of aspect
ratio 2.

Bodies of Revolution
The use of large external stores attached to wings raises the ques-

tion as to the oscillating air forces on these bodies. - Two bodies of
fineness ratio T have been oscillated in pitch about their midlengths,

~ANEEENE: .
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and sets of derivatives and phase angles have been determined. The
first configuration is a streamlined body supported by a single strut
as indicated in figure 3. In the upper right-hand corner is a sketch
indicating how the strut is mounted on the end plate. The ordinates
are as shown in figure 2: ¢L, ¢M’ and 1ift or moment derivative. The

experimental 1ift and 1ift phase angles are indicated by circles and
the moments and moment phase angles are indicated by squares. Shown
for comparison are the results of an analysis based on slender-body
theory presented in reference 5 for a streamlined body. Since this
theory is based on potential flow, it should not be expected to predict
the results of the experiment. For instance, at k = O the experimental
1ift derivative is 0.06x whereas the analyses predicted it to be zero
and the corresponding experimental moment derivative was 0.08%¢ compared
to the analytical value of over 0.12x. The moment phase angles appear
to have some agreement but the analytical 1ift phase angles differ
greatly from those obtained experimentally. This lack of agreement
between analysis and experiment is not unexpected considering that the
analysis does not account for boundary-layer separation or viscosity
effects on the body.

The second body upon which oscillating air forces have been deter-
mined was an open tube - similar to a stove pipe - as shown in figure b,
This tube could be considered as a simplified ramjet minus the internal
mechanisms. The tube was mounted on the same-strut as the streamlined
body and has the same ratio of length to maximum diameter and was oscil-
lated at approximately the same frequency. Thus forces on the tube are
directly comparable to the measured forces on the streamlined body. It
may be noted that for the open tube the 1ift derivatives are considerably
greater and the moment derivatives are slightly greater than for the
streamlined body. The 1lift phase angles are similar and the magnitudes
of the moment phase angles are larger for the open tube than for the
streamlined body. For comparison with this experimental data, curves of
theory were determined from reference 5 for the open tube and are shown
as the solid curves. The trends of the theoretical phase angles agree
with experimental trends as does the trend of the 1ift derivatives. The
experimental moment derivatives tend to indicate that the moment deriv-
ative is independent of k although the theory indicates that the moment
should increase with k. Although the preceding data may not be directly
applicable to a flutter analysis, they do give some insight as to the
oscillating air forces present on bodies by themselves.

Wing With Tip Tank
The last configuration for which data will be presented is a tip

tank over the end of a wing of aspect ratio 2, The addition of a fin
in the plane of the wing on a tip tank is of interest from a flutter
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standpoint. Some data have been obtained over a small k range on the
damping moment contributed by a tank of fineness ratio 5.7 over the end
of a wing of aspect ratio 2 and are presented in figure 5., The sketch
in the upper right-hand corner illustrates in plan form the wing with
the tip tank attached. 1In order to find an effect of fin shape, a trape-
zoidal and a delta fin were used as indicated. The tank was mounted on
strain beams such that the forces measured are the forces on the tank
alone. The ordinate of the graph is the damping-moment derivative where
S is the plan-form area of the tank. The abscissa is the usual flutter
parameter k. The circles represent the no-fin condition, the squares
the delta fin, and the triangles represent the trapezoidal fin., From a
comparison of the square and triangle, it may be seen that the damping-
nmoment derivative on the tank is essentially the same regasrdless of which
fin is used. However, all of these moments are less than the no-fin con-
dition. It may be noted that, although all the magnitudes of the damping
derivatives are very small, under 0.06x in this low k range, the addi-
tion of a fin in this position decreases the damping moment on the tank
for the torsional mode and may be detrimental from a flutter standpoint.
A possible explanation of this decrease in damping is that the fin,
placed in an outboard position on the tank, is in the upwash of the tip
vortex. Thus the presence of the fin on the tank in the upwash reduced
the damping contributed by the tank rather than increasing the damping
as may have been expected.

Experimental moment derivatives for the wing-tank combination instead
of the tank alone are given in figure 6. In addition to the data for the
trapezoidal fin in the outboard position, derivatives are presented for
the fin in the inboard position, shown dotted in the sketch. The effects
of a fin being in the downwash as well as the upwash of the tip vortex
will be indicated. The upper graph shows the in-phase moment derivatives
as a function of k and the lower graph shows the damping-moment deriva-
tives as a function of k. These derivatives are for the combined
moments for the wing and tank together. The 8 used in these derivatives
is the plan-form area of the combination wing and tank, or wing, tank,
and fin as the case may be. It may be noted in the lower figure that the
damping derivatives for the fin in the outboard position and for the no-
fin condition are practically the same, whereas for the fin in the inboard
position the damping derivatives are greater. Thus from considerations
of damping in the torsional mode, it would be better to have the fin
inboard. However, the detrimental effect of the inboard fin is indicated
in the upper figure. It is seen that the in-phase moment derivatives for
the inboard fin or no-fin condition are about the same. The outboard-fin
condition results in a much smaller value of in-phase moment derivative
at the lower values of k., It must be remembered that a larger value of
in-phase moment results in a lower divergence speed. The lower value of
in-phase moment as shown by the fin in the outboard position is beneficial
from a viewpoint of divergence in that it would cause the divergence speed
to be higher than that which would result from no fin or fin in the inboard
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position. It may be concluded that the fin located in an inboard posi-
tion may be of some benefit regarding flutter since it caused an increase
in damping in the torsional mode, whereas the fin located in an outboard
position would be of benefit regarding divergence.

This paper deals with the status of oscillating air forces,
indicating regions of available data and regions for which data are pre-
sented in this paper. TForces, moments, and their respective phase angles
were shown for a 459 swept wing of aspect ratio 2 and for two bodies of
revolution, one a streamline body and the other, an open tube. For com~
parison, derivatives based on available analyses were shown for these
three configurations. Damping-moment derivatives were given for a tank
located over the end of a wing and indicated the effect of the presence
of a fin on the tank. In-phase and damping-moment derivatives were pre-
sented for a wing-tank combination with the fin location either inboard
or outboard. It was indicated that the inboard location increased the
aerodvnamic damping in the torsional mode and an outboard position would

SO VW) LiGdii U A danpalay S WA5% I olUllal

tend to increase the divergent speed.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., April 20, 1955.
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AERODYNAMIG DERIVATIVES FOR A STREAMLINE BODY
AT THE END OF A CIRCULAR STRUT
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AERODYNAMIC DERIVATIVES FOR AN OPEN TUBE AT THE END OF A
CIRCULAR STRUT
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EFFEGT OF FIN ON DAMPING-MOMENT DERIVATIVE ON TIP TANK
IN PRESENCE OF WING
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EFFECT OF FIN LOCATION ON MOMENT DERIVATIVES
ON A WING —TANK COMBINATION
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